Particulate matter with aerodynamic diameter o2.5 mm (PM 2.5 ) is associated with asthma exacerbation. In the Children's Air Pollution Asthma Study, we investigated the longitudinal association of PM 2.5 and its components from indoor and outdoor sources with cough and wheeze symptoms in 36 asthmatic children. The sulfur tracer method was used to estimate infiltration factors. Mixed proportional odds models for an ordinal response were used to relate daily cough and wheeze scores to PM 2.5 exposures. The odds ratio associated with being above a given symptom score for a SD increase in PM 2.5 from indoor sources (PM IS ) was 1.24 (95% confidence interval: 0.92-1.68) for cough and 1.63 (1.11-2.39) for wheeze. Ozone was associated with wheeze (1.82, 1.19-2.80), and cough was associated with indoor PM 2.5 components from outdoor sources (denoted with subscript ''OS'') bromine (Br OS : 1.32, 1.05-1.67), chlorine (Cl OS : 1.27, 1.02-1.59) and pyrolyzed organic carbon (OP OS : 1.49, 1.12-1.99). The highest effects were seen in the winter for cough with sulfur (S OS : 2.28, 1.01-5.16) and wheeze with organic carbon fraction 2 (OC2 OS : 7.46, 1.19-46.60). Our results indicate that exposure to components originating from outdoor sources of photochemistry, diesel and fuel oil combustion is associated with symptom's exacerbation, especially in the winter. PM 2.5 mass of indoor origin was more strongly associated with wheeze than with cough.
INTRODUCTION
Exposure to particulate matter with aerodynamic diametero2.5 mm (PM 2.5 ) and ozone (O 3 ) has been linked to pediatric asthma exacerbations, such as symptom reports, emergency department (ED) and intensive care unit visits and hospital admissions in epidemiological studies. [1] [2] [3] [4] [5] There is evidence that these pollutants contribute to morbidity in asthmatic children, but there are little longitudinal data to delineate the contribution of specific components and sources of PM 2.5 . Furthermore, PM 2.5 is a mixture of multiple inorganic and organic compounds, and its composition, size distribution and health effects can vary based on its origin. 6, 7 PM 2.5 components associated with wheeze, cough, and shortness of breath symptoms in asthmatic children include the metals nickel (Ni) and vanadium (V), elemental carbon (EC), organic carbon (OC), traffic-related pollutants (motor vehicle and road dust source-apportioned particles), as well as volatile organic compounds. 1, [8] [9] [10] However, the majority of these studies used central site monitoring data as a proxy of personal exposure. This introduces classical and Berkson-type exposure measurement error leading to attenuated and more variable dose-response estimates, respectively. 7, 11 As individuals spend the majority of their time indoors, estimating the fraction of indoor PM 2.5 that is of outdoor origin in health effect analyses can reduce exposure measurement error and highlight differences in the toxicity of PM 2.5 and its components of indoor versus outdoor origin. 7 To the best of our knowledge, the association of cough and wheeze symptoms exacerbation with indoor PM 2.5 of outdoor origin and its components has not been investigated in asthmatic children yet. In order to achieve this aim, we first needed to determine the infiltration factor (F inf ). We used the sulfur tracer method to estimate F inf as sulfur is mostly of ambient origin and has none or very few indoor sources. [12] [13] [14] We were then able to investigate the association of indoor PM 2.5 of outdoor origin and its components with cough and wheeze symptom scores in a panel of asthmatic children living in areas of New York City (NYC) with the highest rates of ED visits for pediatric asthma. 15 
METHODS

Study Design
over the past year, use of a b-agonist at least four times per month in any one of the past 3 months, or nocturnal awakenings twice a month in the past 3 months. The child was required to have slept at the household identified as the primary residence at least five times a week.
Exclusion criteria consisted of any of the following: the presence of X1 smoking residents in the household, family planning to move within the next 6 months, or no access to a phone. Also, a child was considered ineligible for participation if he/she had a hematological, endocrine, or cardiac condition that required the use of daily medication, a clotting disorder, or severe mental disability that interfered with answering questions or following instructions. Caretakers of eligible participants signed appropriate consent forms approved by the Mount Sinai Institutional Review Board.
At baseline, participants underwent a clinical evaluation where atopic status was determined using a skin puncture test (Multi-Test II device, Lincoln Diagnostics) to measure immunoglobulin E (IgE) response to 13 aeroallergens that are likely to cause sensitization in inner-city children.
Each participant was evaluated for 2 consecutive weeks in both the cold and warm seasons. Daily indoor and outdoor air pollution exposures and cough and wheeze symptoms were simultaneously monitored for an average of 28 sampling days per subject.
Health Outcome Assessment
Participants or their caretakers were asked to record their asthma cough and wheeze scores in a diary every day, with a score of zero equivalent to none, one as mild, two as moderate, and three as severe. The diary was adapted from a National Institutes of Health questionnaire previously used in the study of asthmatic children. 16 Indoor Exposure Assessment
The indoor sampling apparatus was placed in participants' living rooms. A Multi-Pollutant Sampler (MPS) was used to collect 7-day integrated PM 2.5 samples on 37 mm Teflon filters. PM 2.5 mass concentration was measured gravimetrically using standard methods. Indoor weekly elemental concentrations, including sulfur, were determined using X-ray fluorescence (XRF) analysis. The MPS was developed at the Harvard School of Public Health based on a previous model that has been tested, validated, and used in several studies. [17] [18] [19] A Dustrak aerosol monitor (TSI, Model 8520) with a 2.5-mm inlet measured PM 2.5 mass concentrations at 10-min intervals. Biases in light-scattering devices have been previously described. 20 Therefore, linear mixed effects models were used to calibrate the continuous Dustrak readings to weekly gravimetric PM 2.5 mass concentrations by fitting a random intercept and slope for each of the 13 Dustrak monitors used. After calibration, average daily indoor PM 2.5 mass concentrations were calculated starting at 0900 hours.
Outdoor Exposure Assessment
An ambient air quality monitoring station was installed and operated on the roof of the City College of New York (CCNY) administration building. Modified Harvard Impactors with ChemComb inlets were used to collect daily PM 2.5 samples on Teflon and pre-fired quartz filters. 21 A Chrontrol (model XT-W8) sequential timer was programmed to start a new 24-h sample every day at 0900 hours local time.
Teflon filters were analyzed gravimetrically for PM 2.5 mass concentration. Black Carbon (BC) concentration was determined using optical reflectance with a smoke stain reflectometer (EEL Model 43D). XRF analysis was conducted to determine the daily elemental composition of PM 2.5 . We included elements with at least 80% of their concentrations above the limit of detection (LOD), defined as three times the analytical uncertainty. Out of the 51 XRF-analyzed elements, the following 15 were retained: Aluminum (Al), Bromine (Br), Calcium (Ca), Chlorine (Cl), Copper (Cu), Iron (Fe), Potassium (K), Manganese (Mn), Nickel (Ni), Lead (Pb), Sulfur (S), Silicon (Si), Titanium (Ti), Vanadium (V), and Zinc (Zn). Although Sodium (Na) and Phosphorous (P) met the LOD criterion, we excluded them owing to known analytical artifacts.
Pre-fired quartz filters were analyzed using the IMPROVE thermal optical reflectance (TOR) protocol to determine the concentration of the following temperature-resolved EC and OC fractions: EC fractions 1-3 (EC1, EC2, and EC3), OC fractions 1-4 (OC1, OC2, OC3, and OC4), and pyrolyzed organic carbon (OP). 22 The EC1 fraction in the TOR analysis was corrected by subtracting the OP fraction. 23 Total EC was defined as the sum of the corrected EC1, EC2, and EC3, total OC as the sum of OC1, OC2, OC3, OC4, and OP, and total carbon (TC) as the sum of EC and OC. Daily O 3 concentrations were calculated starting at 0900 hours from hourly data obtained from the New York State Department of Environmental Conservation (NYSDEC) CCNY site. We also retrieved ambient average daily temperature from the National Climatic Data Center's Central Park Tower meteorology station and relative humidity from the NYSDEC NY Botanical Gardens site.
Standard quality assurance and quality control procedures were performed. Laboratory and field blank corrections were performed and negative values or concentrations below the LOD were retained in analyses to preserve the distribution of the data.
Statistical Analysis
Descriptive statistics were calculated for participant demographics, asthma symptoms, and environmental variables for the duration of the study. 
To calculate PM OS , the fraction of outdoor PM 2.5 that remains airborne after penetrating indoors, particle penetration efficiency (F inf ) was estimated using the sulfur tracer method. [12] [13] [14] 24, 25 Based on a simplified form of the mass balance equation that includes terms for particle infiltration, exfiltration, and deposition, and assuming no indoor sources of sulfur, F inf can be written as a function of particle penetration efficiency (P), particle removal rate by diffusion or settling (k), and the air exchange rate (a):
The weekly indoor to outdoor sulfur ratio (S IN /S OUT ) was calculated for each home in each week of sampling to approximate the infiltration factor F inf . This ratio is most representative of the infiltration behavior of particles in the size range of S (0.2-0.7 mm).
14 When S IN /S OUT was X1, indicating indoor sources of sulfur, or when it was missing (for 7/115 or 6% of sampling weeks), its value was replaced with the season-specific mean sulfur ratio for the given residence. If the residence-specific sulfur ratio was missing, the mean sulfur ratio of all residences sampled in that season was used instead. This adjusted S IN /S OUT was used in estimating PM OS :
where PM OUT is the daily outdoor PM 2.5 concentration. PM IS was then calculated as the difference between PM IN and PM OS , according to Eq. (1).
By substituting PM OUT with the corresponding ambient PM 2.5 constituent in Eq. (3), the fractions of outdoor PM 2.5 components that infiltrated indoors were estimated and denoted with a subscript ''OS'' for ''outdoor sources'' (i.e., Fe OS is the indoor from outdoor sources concentration of iron). As daily measurements of PM 2.5 components were not available indoors, we were unable to calculate their daily indoor from indoor sources fractions. Health Effects Analyses. Mixed proportional odds models for an ordinal categorical outcome were used to relate cough and wheeze symptom scores to daily ambient pollutant concentrations and their indoor of outdoor origin fractions. Let i index each subject-season combination. The primary model was as follows:
where Y it is the cough or wheeze score of subject i on day t, and logit(.) is a cumulative logit link function used to relate the probability of more severe cough or wheeze score versus a better score for a change in pollutant level. The model makes the proportional odds assumption, which states that the effect of each covariate in the model does not vary by the logit cutpoint j. The b 0j are fixed intercepts and b i is a random intercept unique to each subject/sampling season combination. We chose this random effects structure because the within-subject, between-season variability in asthma symptoms is high, with more severe symptoms typically experienced in the winter. W it is the vector of time-varying, fixed covariates for subject i on day t: ambient temperature (1C) and relative humidity (%). U i is the vector of time-invariant, fixed covariates for subject/sampling season i: gender (male, female), race (Hispanic, Black), and season (defined by month as fall, winter, spring, or summer). In order to ensure that extreme concentrations do not influence the health effect estimates, we excluded 29 days of ambient concentrations as outliers. Single-pollutant models were first fit for concentrations of ambient PM 2.5 and indoor PM 2.5 from outdoor sources, components, and ambient O 3 . In secondary analyses, ambient O 3 was added to the PM models to evaluate potential confounding. Pollutant effects were also estimated by season to investigate seasonal variability in associations by using interaction terms between the pollutant concentration and a season indicator (fall/spring, winter, and summer). As there were fewer sampling days in the fall and spring, these two transitional seasons were combined as one category in these models. Odds ratios were calculated for a SD increase in year-round pollutant levels. Models were fit in SAS 9.2 (ref. 26) using PROC GLIMMIX, and graphs were generated in R 2.14.0.
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RESULTS
Demographics, Atopic Status and Symptoms
Demographic characteristics and atopic status of the study participants are presented in Table 1 . The majority of subjects were male and Hispanic, with a mean age of 10 years. Of the 33 subjects with valid skin prick test results, 73% hadX2 positive tests. The highest reactions were to cockroach (56%), ragweed (48%), and birch (39%) (results by allergen in Supplementary  Table S1 ).
Participants reported higher severity of coughing compared with wheezing over the entire study and by season. Severe cough and wheeze were most prevalent in the winter (Table 2) .
Sulfur Tracer Method and Air Pollution Concentrations S IN /S OUT wasZ1 in six home visit sampling weeks and was substituted as described in ''Methods''. After substitution, the mean S IN /S OUT used in modeling the infiltration of ambient particles indoors was 0.72 (SD ¼ 0.12, range 0.31-0.98). S IN /S OUT was lowest in the winter (0.64), followed by fall (0.73), spring (0.74), and summer (0.75), reflecting the expected increase in home air exchange rates in warmer seasons.
Descriptive summaries of pollutant concentrations are presented in Table 3 for PM 2.5 fractions and O 3 and in Table 4 Table S5 ). However, significant negative associations were found for OC1, Ca, and Zn with wheeze, but these became non-significant after adjusting for O 3 in the year-round models.
We also examined whether these associations varied by season. Only findings that were significant at the 0.05 level in O 3 -adjusted models will be summarized here (complete results in Supplementary Table S6 
DISCUSSION
Using the sulfur tracer method, we were able to estimate seasonand residence-specific weekly infiltration factors for 36 inner-city residences. This approach primarily allowed us to model the daily fraction of ambient PM 2.5 and its components that penetrated indoors (denoted with a subscript ''OS''). We were also able to model the fraction of daily indoor PM 2.5 mass that was generated indoors. Using daily symptom severity reports, we then tested whether exposure to these particulate fractions and O 3 was associated with cough and wheeze exacerbation in a longitudinal setting, with 36 asthmatic children followed up for an average of 28 days each. Exposure to O 3 , PM IN , and PM IS was significantly associated with odds of more severe wheezing year-round and especially in the fall/ spring; whereas, PM OUT , PM OS , and PM IN were associated with odds of more severe cough only in the summer time. We found novel O 3 -adjusted associations with PM 2.5 components related to photochemistry, biomass burning, diesel and fuel oil burning sources and marine aerosol. OP, OP OS , Br, Br OS , and Cl OS were significantly associated with cough year-round. In the summer, Br, OC2, and OC were associated with cough. In the winter, Cl, Cl OS , and S OS were associated with cough while Cl, Cl OS , V, V OS , and OC2 OS were associated with wheeze. We also found negative associations with wheeze that persisted after adjusting for O 3 , especially in the fall and spring seasons, and these will be discussed.
Ambient pollutant concentrations measured in our study were within expected levels in NYC. 28 The distribution of weekly S IN /S OUT ratios (mean 0.74) was similar to previously reported estimates in Boston, MA, Atlanta, GA, Steubenville, OH, and Baltimore, MD.
14,29 A more detailed discussion of the variability in S IN /S OUT ratios is presented in Habre et al. ) was higher on average than PM OS (8.7 mg/m 3 ), consistent with our previous analysis demonstrating that indoor sources constitute a large fraction of indoor particulate air pollution in these inner-city residences. 30 In the RIOPA study, the median contribution of outdoor sources to indoor PM 2.5 levels estimated using a mass balance approach ranged from 33% to 63% (with around 20% variation) in three cities. 35 The distribution of symptoms in our study with cough being more prevalent than wheeze and most severe symptoms experienced in the winter season was similar to that reported by Patel et al. 36 in NYC and Gent et al. 10 in New Haven, CT in asthmatic children.
PM 2.5 Fractions and Symptoms
Previous studies have reported associations of asthma exacerbation with ambient O 3 and PM 2.5 levels. O 3 was significantly associated with symptoms in a panel of 21 Hispanic children (10-16 years old) in Los Angeles, CA, 9 and ambient PM 2.5 and O 3 were associated with asthma hospital and ED admissions in NYC, Hong Kong, and Greece, especially in the warm season. 2, 4, 37 Specifically for wheeze, Gent et al. 38 found a 35% increase in the likelihood of wheeze for a 50 p.p.b. increase in 1-h ambient O 3 in children taking controller medication for their asthma, similar to our panel. However, we saw larger effects in our study with an OR of 1.82 for a 10.6-ppb increase in daily average ambient O 3 . Summarized over all subject-days. Summarized over all subject-days.
Infiltrated particulate matter and asthma symptoms Habre et al
As for indoor exposures, indoor PM 2.5 was significantly associated with reduced forced expiratory volume in 1 s, a measure of lung function, in 19 asthmatic children aged 9-17 years in southern California. 39 In one of the very few studies apportioning personal PM 2.5 to indoor-and ambient-generated fractions, Koenig et al. 40 found associations with the ambient-generated fraction of personal PM 2.5 and increased eNO, a marker of airway inflammation, in 19 asthmatic children in Seattle, WA. However, indoor environments were generally cleaner in the Seattle study, with indoor PM 2.5 levels lower than outdoor levels (9.5 vs 11.1 mg/m 3 ) and average infiltration factors around 0.56.
We saw the highest effects of PM IN and PM IS on wheeze in the fall/spring. One possible explanation could be the re-suspension of settled dust particles containing allergens indoors when home heating systems are operated for the first few times in the fall after being out of operation over the summer. 41 Ragweed, birch, and grass pollen are also among the most abundant types of pollen in the fall and spring in our study area (Supplementary Figure S1) . With the relatively higher infiltration factors in the fall and spring, it is possible that pollen penetrates indoors and gets re-suspended, triggering allergic reactions and more severe wheezing in these children who are highly sensitized to ragweed, birch, and Timothy grass (Supplementary Table S1 ); however, we were unable to formally test this hypothesis in our models. Ormstad 42 found that suspended fine PM and its soot components in indoor air can carry allergens on their surfaces and elicit allergic and inflammatory responses in asthma in 29 households in Oslo, Norway. Although inflammation is involved in the exacerbation of both symptoms, wheeze is the result of smooth muscle contraction, airway narrowing, and airflow limitation while cough is a protective reflex to clear the airways of irritants and secretions. 43 As for non-pollution effects, viral infections in the cold and flu season are known to exacerbate asthma symptoms, especially wheezing. 44 The fact that we were unable to control for respiratory infections during the follow-up period to formally test or control for these is a limitation in our study. Cold and dry conditions have also been reported to aggravate coughing; 45 this phenomenon is likely captured by the significant protective effect of relative humidity on cough in most models (Supplementary  Table S7 ).
PM 2.5 Components and Symptoms
Our results for OP OS and odds of more severe cough (1.48, 1.10-1.98) have not been previously reported in the literature. OP consists of mostly water-soluble organics (WSOCs) with higher molecular weight and oxygen content, which are mostly related to photochemical processes and biomass burning. 46 These are the more polar and thermally refractory compounds that are least removable by volatilization or solvent extraction. These organics include alcohols, sugars, mono-and di-carboxylic acids, and polyacids or humic-like substances. 22, 46 Kim and Hopke 47 reported that OP is associated with the carbon-rich secondary sulfate factor related to secondary organic aerosol formation. In our data, OP was most significantly correlated with O 3 and K in the summer (Spearman r ¼ 0.64 and r ¼ 0.60, respectively) and with K and BC in the winter, spring, and fall (Spearman r ¼ 0.75 and r ¼ 0.53, respectively), implying photochemical processes and biomass burning as the main sources of ambient OP. Consistent with our findings, Delfino et al. 48 found significant associations between markers of ambient secondary organics and O 3 with eNO, although in a panel of elderly individuals. In a more recent panel study of asthmatic children, Delfino et al. 49 found associations with WSOC and eNO; however, these effects were completely confounded by the oxidative potential of the PM mixture as measured with a dithiothreitol abiotic assay, suggesting oxidative potential as the underlying mechanism of action of SOA.
S, also a secondary pollutant related to regional sources, was associated with cough exacerbation in the winter (2.28, 1.01-5.16), consistent with our source apportionment analysis and health results. 50 Sarnat et al. 51 also found that the sulfate-rich secondary PM 2.5 factor was significantly associated with respiratory ED visits in a time-series analysis in Atlanta, GA.
Br was most highly correlated with V (Spearman r ¼ 0.59), S (r ¼ 0.59), Pb (r ¼ 0.51), and BC (r ¼ 0.47) in our data, suggesting diesel and fuel oil burning sources. Br is mainly listed in dieselexhaust profiles in the EPA Speciate database. 52 However, within certain seasons, Br was also highly correlated with K and OP (Supplementary Figure S2) . OC2 is a marker of diesel-powered vehicles. 23 V is emitted from burning residual fuel oil for heating buildings in the winter and also from ship emissions year-round. 53 Together, these pollutants (Br, OC2, and V) represent fuel oil and diesel burning sources. Their effects were highest in the summer on cough (Br: 1.78, 1.06-2.99 and OC2: 1.41, 1.00-2.00) and in the winter on wheeze (V OS : 1.54, 1.06-2.24 and OC2 OS : 7.46, 1.19-46.60). Saldiva et al. 54 found that the Br and V content of concentrated ambient particles was associated with acute pulmonary inflammation in rats after short-term exposure in Boston, MA. Patel et al. 1 also found significant associations with 3-month averaged, inverse-distance weighted concentrations of ambient Ni and V and wheeze symptoms in children up to 2 years old in NYC.
The strongest effect of Cl OS on both symptoms was seen in the winter. Cl is related to marine aerosol and to road de-icing salt applications during snow storms, as evidenced by winter peaks in its concentration. This unexpected finding could be due to local influences, transported pollutants in marine air masses, or cold and harsh winter conditions that occur at the same time as Cl peaks. However, the effect of Cl and Cl OS was significant even when adjusted for temperature, relative humidity, and season. In our source apportionment analysis, the sea salt factor (lag 0-3) was also associated with cough. 50 Overall, the highest effects were seen in the winter for cough ( Ca is related to crustal material and suspended road dust, and Ti and Zn are related to vehicular traffic pollution that could also be present in road dust. Gent et al. 10 found that the traffic-related ''motor vehicle'' and ''road dust'' PM 2.5 sources and EC were associated with increased risk of wheeze, persistent cough, and Figure 3 . Results of single-pollutant mixed proportional odds models relating cough and wheeze symptoms to daily ambient and indoor from outdoor sources PM 2.5 components.
shortness of breath symptoms and inhaler use in 149 asthmatic children in New Haven, CT. In their tracer analyses, Ca as a marker of urban road dust was most highly associated with symptoms, and Ti and Zn were associated with shortness of breath. Previous day ambient PM 2.5 zinc (Zn) concentration was also associated with increased pediatric hospital and ED admissions in Baltimore, MD. 55 Conversely, we found unexpected significant negative associations for Ca, Ca OS , Ti OS , and Zn OS with wheeze in the fall/spring even after adjusting for O 3 . This could be due to the varying strengths of the correlations among pollutants by season. The correlations of Ca and Zn with O 3 year-round (Spearman r ¼ À 0.38 and r ¼ À 0.55, respectively) are stronger than in the fall/spring (Spearman r ¼ À 0.21 and r ¼ À 0.19, respectively). When adjusted for O 3 , the negative associations in the year-round models became non-significant. This was not the case in the fall/ spring models. Patel et al. 36 reported similar unexpected negative results for PM 2.5 when adjusted for Ni and for Zn when adjusted for Fe in the cold/flu season in NYC.
Finally, the possibility of chance findings due to multiple comparisons is a limitation in our analysis. We considered P-valuer0.05 as the threshold for statistical significance. Only the year-round association of OP OS with cough and the winter association of Cl and Cl OS with wheeze meet the more stringent threshold of P-value r0.01 in O 3 -adjusted component models. Another limitation is our reliance on central site, ambient measurements to assign outdoor exposures for logistical and feasibility reasons, as compared with taking measurements outside the homes of subjects. The advantage to the latter approach is the ability to capture the influence of local sources contributing to the spatial and temporal variability of concentrations, which is not reflected in ambient measurements. However, the longitudinal design and the ability to collect detailed indoor and outdoor PM 2.5 compositional information and calculate residence-and season-specific infiltration factors are the main strengths. Despite the majority of the variability in daily modeled, infiltrated PM 2.5 being driven by that of outdoor PM 2.5 (modified by a weekly estimate of the infiltration factor), the use of the sulfur tracer method resulted in a reduction in exposure measurement error. This improvement is reflected by the generally larger effect estimates seen for infiltrated pollutants compared with their outdoor counterparts. It is most apparent for outcomes with the most relevant exposures occurring indoors (such as for wheezing) and/or when the greatest potential for exposure misclassification by using central site monitors exists due to subjects spending a greater fraction of their time indoors in more tightly sealed environments with lower air exchange rates (such as in the winter season). The greatest improvement is seen for OP and wheezing in the winter season (OP: 3.21, 0.87-11.85 compared with OP OS : 7.46, 1.19-46.60). However, we do not always expect the variability in health estimates to decrease (tighter confidence intervals) due to the error implicitly introduced by the modeling approach.
CONCLUSIONS
Our results revealed that exposure to PM 2.5 of indoor origin is more important for aggravating wheeze symptoms especially in the fall/spring, while PM exposures of ambient origin appear to be more relevant for cough in the summer. We found that the more oxidized, higher molecular weight organic carbon fraction (OP OS ) related to photochemical processes and biomass burning was associated with more severe cough year-round. Components related to diesel (OC2 and Br mainly) and fuel oil (V) burning, sources previously reported to be of concern in exacerbating asthma, were also significant, with the highest effects seen on cough in the summer and on wheeze in the winter. Finally, we found unexpected strong effects of Cl OS in the winter on both symptoms. Our results indicate specific PM 2.5 components, sources, and exposure periods of concern in aggravating cough and wheeze symptoms. These findings are novel and could inform the development of guidelines for asthmatics in a multi-pollutant context. 
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